Abstract: The results of theoretical investigation of X-ray Standing Waves (XSW) on the surface of the crystal with the Uniform Strain Gradient (USG) are presented. Bent crystals are the typical examples of the crystals with the USG. The proposed theory is based on the Takagi-Taupin theory of X-ray propagation in a weakly deformed crystal. This theory is applied for calculation of the angular dependencies of reflection coefficient and XSW on the surface of the crystal with USG for the specific case of Si(400) thick crystal, CuKa radiation. The behaviour of the XSW with the different position of adsorbed atoms (different values of the phase shift) are analyzed.
INTRODUCTION
The X-ray Standing Wave (XSW) method considered for the first time for the perfect crystal by Batterman [1, 2] , nowadays is a powerful tool for investigation of the structure of real crystals [3] and the position of adsorbed atoms on the surface of the crystals [4] . In most of applications crystals used as a substrates for XSW experiments are perfect crystals. However it would be quite interesting to investigate the influence of deformation on the XSW pattern on the surface of the deformed crystal. Theory of XSW method when the deformation field u(r) depends only on the depth z in the crystal and the incident wave is a plane wave was elaborated in [5] . However for a large class of crystals with a Uniform Strain Gradient (USG) (in this case the strain field is a two dimensional function) the behaviour of the XSW field on the surface of the crystal have not been investigated. At the same time investigation of crystals with a USG by different diffraction methods is of great physical and practical point of view. Bent crystals, widely used as X-ray monochromators at synchrotron radiation sources [6] and as X-ray microscopes and focusing spectrometers for plasma analysis [7] , are the typical examples of the crystals with the USG.
In previous papers [8, 9] results of the theoretical treatment of the XSW method and the secondary radiation yield (fluorescence and photoemission yield) in a bent crystal were presented. This results were obtained in the frame of Taupin approach [10] . This approach gives the possibility for the cylindrically bent crystal and the special incident wave, to reduce the general problem of two variables to the problem of one variable (the so-called Taupin problem). However, this situation is hardly realized in practice.
In this paper more realistic approach based on the Takagi-Taupin theory [10-121 of X-ray propagation in a weakly deformed crystals with a USG is presented. The main principles of the theory of XSW method in such crystals are shortly developed in section 2. This theory is applied for the analysis of the behaviour of the intensity of standing waves on the surface of the crystal with a USG (section 3). 
THEORY
The X-ray amplitude of the total wavefield in the weakly deformed crystal in the two wave approximation is the coherent superposition of the incident Eo(r) and the diffracted Eh(r) beams and is given by
where ko and kh .= ko + h are correspondingly incident and diffracted wave vectors and h is the reciprocal lattice vector.
In the general case of the weakly deformed crystal with an arbitra deformation field, according to Takagi-Taupin theory [IO-121, the amplitudes Eo(r) and ~~( 3 are slowly varying functions of coordmate. They satisfy the Takagi-Taupin equations [10-121, which are derived directly from the Maxwell equations for the X-ray wave propagation in a crystal. This set of equations must be completed by the boundary conditions , which in the Bragg case of diffraction and thick crystal are Eo(r) lz=o = EOln(r) ; Eh(r) =. 0-
P>
The propagation of the X-ray wavef~eld In the deformed crystal is determined not by the displacement field u(r) itself, but by the second derivative of the projection of the displacement field u(r) on the diffraction vector h [13-151. If this field is such that a2(hu(r))/a so a sh = B , (3) where so and sh are coordinates in the direction of the incident ko and reflected wave vectors kh and B is a constant, then such deformation is called a USG (for e.g. this is the case of elastically bent crystal).
Rigorous solutions of the Takagi-Taupin equations with the deformation field (3) in the Bragg case of diffraction where obtained in [l31 and analyzed in their asymptotic form in [14] . However for practical applications a much more convenient method is to integrate the TakagiTaupin equations in a numerical way.
The intensity of X-ray standing waves on the surface of the deformed crystal, according to (l) , can be resented in the form I ( A~) = @0(A8 ,r) + Eh(A8 ,r)exp(iAv) P I,., (4) where A8 is the angular deviation parameter and Ap is the phaseshift that is determined by the position of the impurity atoms on the surface of the crystal relative to diffraction planes.
As it follows from (4) the angular dependence of the X-ray standing wave on the surface of the crystal is determined mainly by two factors: the angular dependence of the amplitudes and Eh(') on the surf ace of the crystal that is specified by the value of deformation. (in our case of the crystal with the USG by the constant B) and the position of impurity atoms (the phase Ap).
The values of the amplitudes E (r) and Eh(r) on the surface of the crystal with the deformation field (3) were obtained from numerical integration of Takagi-Taupin equations. The algorithm for this calculations for Bragg case of diffraction is presented in details in 1151.
RESULTS AND DISCUSSION
The curves of Angular Dependence (AD) of the X-ray Reflection Coefficient (XRC) PR=IEh(r)/Eo(r)F Iz=o and of the intensity of the standing wave (4) on the surface of the crystal with the USG were calculated for a specific case of (400) symmetrical Bragg diffraction, CuKa, S-polarized radiation in a thick crystal of silicon. The incident wave was taken in the "quasiplane" form ( Fig.1) with a width a=400pm enough to reduce the influence of the boundary conditions. The diffracted beam for the fixed angular deviation A 0 is also shown on Fig. 1 .
The results of numerical integration of Takagi-Taupin equations are presented on Fig. 2  and Fig. 3 . The XSW curves on the surface of the crystal, were calculated for two opposite situations: a) when the position of the impurity atoms just coincide with the position of the diffraction planes (the phase Ap =O curves b); b) when the position of the atoms is between the diffraction planes (the phase Aa, = X curves c). [8, 9] .
The curve of XRC (Fig. 3a) has a typical behaviour (the broadening in the central art and oscillations on the tails) obtained for the first time in [10] . The XSW curves (Fig. 3b ,cP in the deformed crystal comparing to that in the perfect one are also broadened in the central part (in the so-called phase sensitive region) and have a sharp oscillations on the tails that correspond to oscillations on the XRC curve. The angular position of this oscillations depend not only from the value of deformation (determined in our case by the constant B) but also by the phase shift A p . The origin of this oscillations is the waveguide character of the X-ray propagation in the crystal with the USG [10, 14, 9] .
In the end we would like to note that results obtained in this paper on the basis of the Takagi-Taupin theory of X-ray propagation in the crystal with the USG are in a good agreement with the results of the previous papers [8, 9] obtained in the frame of Taupin approach and a simple model of the curved crystal.
